Objective: To undertake a literature review on third-degree complete atrioventricular block in laparoscopic cholecystectomy, describing its incidence, etiology and management update.
Introduction
Intraoperative arrhythmias are some of the most prevalent complications in daily practice of anesthesia, with an incidence of around 70%. 1 Back in 1933 Sachs and Traynor already described Paroxysmal AV block. 2 The relationship between ECG changes and acute cholecystitis was described for the first time as "Cope's sign" or cardiobiliary reflex since 1971. 3, 4 The incidence of cholecystitis around the world ranges between 2% and 20% and is the most frequent pathology in the elderly, with a prevalence of 21.4% among people 60-69 years and of 27.5% in people over 70 years of age. 5 The etiology of paroxysmal AV block includes the presence of a vagal stimulus (surgical stress and pneumoperitoneum) and acute cholecystitis.
An average of 1230 laparoscopic cholecystectomies and 25 bariatric surgeries are performed every year at our institution. In a series of 960 patients, elderly individuals undergoing laparoscopic cholecystectomy in Brazil showed an incidence of 1% of cardiac arrhythmia, 0.1% of cardiac ischemia and 0.3% mortality. 5 In 1994 Biswas and Pembroke reported the first case of cardiac arrest during laparoscopic cholecystectomy secondary to extreme vagal stimulus. 6 The last four cases with similar characteristics were reported in 2009 in India. These cases were successfully managed administering atropine, resuscitation maneuvers and releasing the pneumoperitoneum. 7 The paroxysmal AV block is defined as the sudden and repetitive interruption of the atrial impulse lasting over two seconds and is accompanied by ventricular asystole before the electrical conduction is reestablished. 8, 9 Clinical case presentation 74-Year old patient ASA 2 classification, scheduled for laparoscopic cholecystectomy for cholecystitis-cholelithyasis. Body Mass Index 22, Weight 70 kg. Pathological Background: Dyslipidemia and controlled high blood pressure with losartan 50 mg/12 h, lovastatin 20 mg in the evening, acetylsalicylic acid 100 mg, and metoprolol 25 mg/12 h. History of cigarette smoking. The patient was evaluated by Cardiology because of atypical chest pain with an ECG finding of complete right branch block. A transthoracic ECG showed preserved biventricular function LVEF 65%, left ventricle diastolic dysfunction, mild mitral-aortic sclerosis with negative myocardial perfusion and healthy coronaries according to the arteriogram. Blood chemistry and coagulation were within the normal range.
5-Lead basic hemodynamic monitoring (DII-V5) and capnography were used. The intravenous anesthetic induction was as follows: midazolam 2 mg followed by propofol 120 mg and rocuronium 20 mg; the anesthetic agents were administered intravenously. Anesthetic maintenance with sevoflorane: 2% and remifentanyl: 0.2 mcg/kg/min. The ECG record during the induction of anesthesia showed a normal sinus rhythm. A 7.5 orotracheal tube was used for airway management, symmetrical pulmonary auscultation, normal capnography. The analgesia and antiemesis were performed with tramadol 100 mg, dipirona 3 g and dexamethasone phosphate 8 mg respectively.
The surgical procedure began with an approach of the peritoneal cavity through three laparoscopic ports and maximum 15 mmHg pneumoperitoneal pressure. Then the ECG tracing evidenced a 5 s wide-complex grade III atrioventricular block and the surgery was interrupted. Upon the release of the pneumoperitoneum the sinus rhythm was reestablished, the pulsimetry curves were normalized and capnography rendered adequate levels. The pneumoperitoneum was reestablished leading to a new episode of grade III wide-complex AV block, refractory to atropine at a dose of 0.04 mg/kg up to a ceiling 3 mg dose. Subsequently, asystole developed requiring cardiopulmonary resuscitation maneuvers, chest compressions, IV adrenaline 1 mg every 3 min, dopamine infusion at a rate of 10 mcg kg min, in addition to management with a right internal jugular transvenous pacemaker with 100% capture. The carotid pulse was then restored. Transcutaneous pacemakers were not available.
Invasive left radial artery blood pressure monitoring was then applied and the open technique surgery was successfully completed. The patient was then transferred to the ICU with vasopressors support (dopamine 5 mcg kg min, and noradrenalin 0.1 mcg kg min), invasive ventilation and 100% pacemaker dependent. No inotropic support was needed.
Perioperative arterial gasses show evidence of metabolic acidosis with mild pulmonary dysfunction, 277 PaO 2 /FiO 2 , normal electrolytes and blood test with 3 mg/dl lactate.
Twenty-four hours later the patient is weaned from the invasive ventilator support and vasopressor, with spontaneous recovery of the sinus rhythm. The cardiac enzymes curve was negative and the transthoracic ECG was normal. The Holter test electrophysiological evaluation evidenced a sinus rhythm with ventricular extrasystole and episodes of nonsustained ventricular tachycardia. Thyroid tests were normal. Upon discharge, the patient showed a positive clinical evolution and telephone follow-up for 30 days.
Discussion
Hemodynamic collapse during laparoscopic surgery may be the result of carbon dioxide (CO 2 ) pulmonary embolization, cardiac arrhythmias, vagal responses secondary to peritoneal distention and surgical manipulation. Consider the reduced cardiac preload due to pressures exceeding 15 mmHg in the pneumoperitoneum. [10] [11] [12] The triggering factors for atrioventricular block are the use of betablockers, AV conduction disruption and vagal stimuli (pneumoperitoneum, vomiting, 13 coughing, 14 swallowing, 15 orthostatic hypotension, pain). 16 Shohat-Zabarsky et al., in their series of medical cases, identified precipitating factors such as the use of betablockers in 45% of the cases, vagal reactions in 25%, myocardial ischemia in 45%, administration of local anesthetic agents in dentistry in 10%. In terms of therapeutic management, only 20% received atropine, 80% required placement of a temporary pacemaker and subsequently 50% required implantation of a permanent pacemaker. 16 With regard to patients undergoing bariatric surgery, the findings indicate that as a result of their morbid obesity, the use of opioid analgesics and the disruption in the postoperative mechanical ventilation further deteriorate their pre-existing sleep apnea. The strategy suggested in these cases is twofold: NSAIDs analgesia and non-invasive ventilation support to manage the sleep apnea. 17 In gynecology a 0.3% cardiac arrest incidence rate is reported in healthy patients undergoing laparoscopic fallopian tube sterilization. In this case, the therapeutic management included: interrupting the surgical stimulus, pneumoperitoneum release and atropine administration with subsequent sinus rhythm recovery. 18 Laparoscopic cholecystectomy-related cardiovascular changes are determined by the interaction of three factors: the establishment of the pneumoperitoneum, intra-abdominal pressure and systemic absorption of carbon dioxide (CO 2 ), in addition to the association with the induction of anesthesia and a 20 • inverted Trendelemburg's position of the patient. The result in healthy patients is dynamic with a biphasic behavior, initially characterized by a drop in heart rate between 35% and 45% of its initial value, with an increase in the mean arterial pressure and the systemic vascular resistance. After 5-10 min of pneumoperitoneum, both the heart output and the systemic vascular resistance are reestablished. In ASA 3 and 4 patients with cardiovascular comorbidity, these hemodynamic changes are enough to cause myocardial ischemia and cardiac arrhythmia. The recommendations for this group of patients are: (1) invasive blood pressure monitoring; (2) head at 10 • ; (3) limit the pneumoperitoneum pressure to 7 mmHg. 19, 20 It has been found that the neurohumoral response (adrenalin, noradrenalin, vasopressin, dopamine, cortisol and renin release) in laparoscopic cholecystectomy begins following the establishment of the neumoperitoneum. 21 This response may be better modulated with a general balanced anesthesia technique with epidural thoracic anesthesia versus a pure inhalation technique. One of the findings was decreased adrenalin and noradrenalin production when including the thoracic epidural anesthesia, but with no changes in the cortisol release mediated by the hypothalamic-pituitary-adrenal axis suggesting vagal and phrenic nerve conduction pathways that are not affected by epidural anesthesia. 22 Gonima and Cols compared the general anesthetic technique versus epidural anesthesia in 52 patients undergoing laparoscopic cholecystectomy. The metabolic response to stress continued unchanged. Cortisol values were higher in the epidural anesthesia group; the responses may be at two levels of insufficient sedation and neuroprotection. 23 Along these lines, Oliveira found a fivefold decrease in the incidence of ventricular and supraventricular arrhythmia in patients undergoing upper abdominal and thoracic surgeries with a combination of general and epidural anesthesia versus general anesthesia alone. 24 The therapeutic strategy of paroxysmal AV block includes two approaches: the first approach is intended to suppress the vagal stimulus probably triggered by the surgical stimulus and the pneumoperitoneum. The second line of intervention is pharmacological, initially with atropine at a dose of 0.5 mg that may be repeated up to a maximum 3 mg dose (0.04 mg/kg), associated to a dopamine infusion at a chronotropic 5-20 mcg kg min dose. The third line of intervencion is electrical stimulation with placement of a transcutaneos or transvenous pacemaker for refractory cases. When ischemic myocardial pathology is suspected, the dose of atropine should be carefully titrated to avoid extending the ischemic area. 25, 26 
Conclusions
The current world trend is toward laparoscopic surgical techniques particularly for cholecystectomy and gynecological procedures. Such scenario leads to a higher frequency of paroxysmal AV block in our patients that requires from us, the anesthesiologists, a timely diagnosis and proper therapeutic intraoperative management, including implanting a transvenous pacemaker to prevent cardiac arrest in 80% of the cases reported. 16 Furthermore, an arrhythmogenic etiology different from ischemia should be kept in mind, in addition to consideration of vagal stimuli.
The use of epidural anesthesia associated to general anesthesia for upper abdominal and thoracic surgical procedures result in a five-fold decrease in the occurrence of postoperative cardiac arrhythmias. 24 Three recommendations are offered in ASA 3 and 4 patients with cardiovascular morbidity: consider invasive blood pressure monitoring, head at 10 degrees and limit the pneumoperitoneum pressure to 7 mmHg. 19 
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